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ELECTRIC CORRELATES OF THE MENSTRUAL
CYCLE IN WOMEN*
DOROTHY S. BARTON
In 1935, Burr and Musselman reported a correlation of the
menstrual cycle in women with the difference in potential of the
index fingers. Small daily fluctuations were noted. However,
once in each cycle there occurred a marked increase in potential dif-
ference which was many times the usual determination. The right
index finger showed an increase in positive polarity to several thou-
sands of microvolts between the fourteenth and seventeenth days
preceding the onset of the subsequent menses. For nine successive
months this observation was repeated with great accuracy. A preg-
nancy record failed to show such cydic phenomena. A further study
(1938) on a group of fourteen women showed that the voltage rises
occurred most frequently in the middle of the cycle and some imme-
diately after menstruation, but there were no unequivocal cases of
peaks just preceding catamenia. There was evidence that cycles
occur without the appearance of significant voltage rises. These
findings have been confirmed by Parmenter.6
In the rabbit, sharp rises in potential differences between the
vagina and symphysis had been demonstrated in association with
ovulation by Burr, Hill, and Allen' and were confirmed by Reboul,
Friedgood, and Davis.8 The marked variations in the electric
potential between the index fingers in women and at the time of
ovulation in the rabbit suggested that these phenomena are related.
A continuous graph of the changes in electric gradients between
the vagina and symphysis associated with ovulation in women was
secured by Burr, Musselman, Barton, and Kelly.4 The voltage rise
occurred nine days preceding the subsequent expected period. The
electric surge was to the height of 100 millivolts, vagina positive.
At laparotomy, the punctate hemorrhage of a ruptured follicle was
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observed and the corpus luteum excised. A similar experiment per-
formed by Rock, Reboul, andWiggers' confirmed these observations.
Nine more cases of voltage changes associated with ovulation
have been added by Rock, Reboul, and Snodgrass."0 For these
records, three sets of electrodes were placed on the abdomen-one
pair low, the second higher, and the third connecting the two fields.
Following marked potential differences, five cases were found to
have ovulated, one menstruated fifteen days later, and in three the
follicle was ready to rupture. Records were also made of three
healthy males, of two women past menopause and of one in the
non-ovulating phase of her cycle. The menopause case was studied
for four days; the woman in the non-ovulating phase of her cyde
for three days; and the males for 24 hours each. The record for
the woman in the non-ovulating phase of her cycle was taken seven
days after menstruation. In these three types of records no sharp
rise of potential difference was seen.
Rogers (1939) observed marked potential difference between the
symphysis and vagina in the estrus cycles of rats. Daily determi-
nations on 37 normal adult female rats were taken for 85 estrus
cycles. Vaginal smears were made before each electric recording.
At estrus there was a marked increase of potential magnitude to the
height of40 mv. in someinstances. Incastrates, the curves obtained
from daily determinations were quite patternless.
Continuous records from experiments now in progress in this
laboratory indicate a confirmation of the work of Rogers on the
normal rat. The onset of estrus is determined by the copulatory
response. Continuous electric records taken during the ovulatory
period show characteristic changes concomitant with ovulation as
determined by the recovery ofthe egg. In these experiments, three
pairs of electrodes were placed on the animal, one pair on the sym-
physis pubis and in the vagina, the second pair on the abdomen over
the ovaries, and the third pair on the paws. The results of these
preliminary experiments seem to indicate that a recognizable change
involtage gradients between the paws occurs at the time of ovulation.
The above results required a more extensive survey of finger
potentials in women. To that end, daily observations were made
from the finger-tips by use of the Burr-Lane-Nims microvoltmeter.
Over a million determinations were made on 79 women in 238
menstrual cycles. The women represented varied vocations; they
included nurses, graduate students, instructors, technicians, secre-
taries, and housewives.
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Five daily determinations were taken from the finger-tips and
averaged, giving the electric record for the day. No observations
were recorded until the finger-tips were well moistened and the
instrument stabilized. Before recording any potential of unusual
height, the finger-tips were carefully scrutinized for lesions, hang-
nails, and freshly cut or pushed back cutide.
For this experiment, complete cycles were important. There-
fore, 700,000 determinations on 36 women in 152 cydes were used
in this analysis. The average age of this group was 27.9 years.
The number of menstrual cycles studied was 152. The maximum
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number of cycles for any individual was 17 and the minimum, with
one exception, was two cycles. The average length ofthemenstrual
cyde was 27 ± 3 days. The longest cyde was 38 days and the
shortest 19 days. Following the method of Ogino the days of the
cyde were plotted in reverse order from the first day of the succeed-
ingperiod. Themenstrual flow ofthe previous period was induded
with the exception of the first day which belongs to the preceding
cycle. After plotting by days, the cydes were reduced to decils in
order that they might be of comparable length.
A statistical analysis by the quartile method was made of the
electric record of the menstrual cydes for each woman. This
method was used because it was not distorted by unusual values and
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was independent of them. Thus, it gave a measure expressive of
daily fluctuations unaffected by values outside the daily range.
The analysis of the electric record of the group of 36 women
showed an average median of 2.25 mv. positive to the right. The
average central tendency ex-
pressive of daily fluctuations
extended from 7.96 mv. posi-
J\F tive to the right to 3.21 mv.
positive to the left. Changes
in temperature and in hu-
n, | \midity and vasomotor disturb-
ances may have been factors
in daily fluctuations, but these
changes were within the cen-
tral tendency.
To be considered signifi-
cant, a value must be outside
the central tendency for that
individual. Three cycles (Fig.
9 \ I) selected at random from
the record of a 31-year-old
unmarried woman showed
that not only were the values
.I6 entirely outside the daily fluc-
tuation, but revealed a ten-
,.0 60 !ft _ dency to sustain the potential
ascILS magnitude for 24 hours, so
0/Srwr/lTO oF sIGr/F/cANTr PEAKSBY!DECLS hig TOTA SIGN/iF/cNA PEAKS /6 that the high potentials were
IVCAS_ found on two consecutive days
FIG. 2. inthis case. Furthermore, un-
usual values occurred in the
third decil in the first cycle, in the fifth decil in the second period,
and in the ninth decil in the third cyde.
The distribution of significant peaks (Fig. 2) was plotted in
decils throughout the menstrual cyde. The peak was formed of
18 per cent of the cases and occurred exactly in the middle of the
period or at the fifth decil. In the instance figured,-an average
27-day cycle,-the fifth decil fell between the thirteenth and four-
teenth daysbefore the onset ofthe subsequent period.
There was a reliable difference between the number of cases
appearing in the fifth decil and those in the sixth, thus this number
338ELECTRIC CORRELATES OF THE MENSTRUAL CYCLE
did not manifest itself by chance alone. Moreover, it can be shown
statistically that in the rest of the graph the number of cases in each
decil represented a reliable figure above zero; therefore, the occur-
rence of significant peaks in these decils could not be due to the
factor of chance alone. With the exception of the fifth decil there
was not areliable difference between the number of cases in any other
decil. This means that there was no significant difference between
the number of cases in decils other than the fifth.
Significant peaks occurred most frequently in the mid-period or
in the fifth decil. However, they were not limited to the fifth
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decil but appeared in every decil of the menstrual cyde, induding
the bleeding. There was no decil devoid of significant peaks.
The analysis for the group showed the average height of the
significant peaks to be 13.2 mv. positive to the right and 8.22 mv.
positive to the left. The greatest magnitude was more than 50 mv.
The average increase to a significant peak was five (4.7) to six (5.9)
times the median and two to three times the central tendency.
Using the criterion that a significant peak was any value outside the
central tendency, 80.9 per cent of 152 cydes showed the occurrence
of significant peaks; 19.1 failed to manifest unusual values outside
the central tendency. A total of 168 peaks appeared, denoting that
in some cycles more than one such value occurred.
When a more stringent criterion for the value of a significant
peak is applied to the data, the frequency curve obtained does not
differ markedly from the previous one. To be termed significant
in this analysis, a value must be 4.7 times the median on the left
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and 5.9 times the median on the right. These figures represented
the average increase to a significant peak in the first analysis. In
applying this criterion to the data, all values outside the central
tendency, and less than five or six times the median, were lost.
Thirty-four women were studied for 145 menstrual cycles.
Thirteen women in 56 menstrual periods failed to show peaks at
any time. In the records of 21 women for 89 cycles there occurred
49 peaks in 40 menstrual cycles. Forty-nine cycles failed to reveal
the appearance of unusual values by this criterion.
Of the total number of 145 cycles, only 40, or 27.6 per cent,
showed the occurrence of peaks. The curve (Fig. 3) is essentially
the same as the one obtained in the first analysis. However, there
is not the striking number of peaks in the fifth decil. The curve is
skewed from the fifth decil toward the third as in the first graph.
There is no decil devoid of the appearance of significant peaks.
In the application of the more critical evaluation of the occur-
rence of peaks there sometimes appeared more than one unusual
value in a cycle. Two cases showed two peaks in one cycle; a third
individual had one cycle with two peaks and another cycle with three
unusual values; while a fourth record showed two cycles with two
peaks each and one cycle with three such peaks.
A study of the occurrence of significant peaks in decils for 20
married women showed an average of 0.976 peaks per cycle. The
unmarried group of 15 cases shows an average of 1.2 peaks per cycle.
The average age of the married group was 29 years and of the
unmarried women 26.5 years. There was not a reliable difference
between the occurrence of peaks in the two groups of women.
In a survey of the data in the current research it was found that
the greater the number of cycles studied for any individual, the
greater was the spread of appearance of significant peaks over decils.
Thus, one case with two cycles and two peaks may have shown the
occurrence of unusual values in the same decil, whereas one case
with a study of ten cycles manifested peaks in all decils, and another
with 15 cycles revealed a spread over seven decls. There seems
to be little evidence of significant peaks always occurring at the same
time in repeated cycles, but rather that in long menstrual cycle
studies the occurrence of peaks was spread over a greater number of
decils, with the greatest incidence in the mid-period.
Further determinations after the first analysis showed the occur-
rence of significant peaks in 76 per cent of the cycles and 24 per
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cent of the cycles were devoid of peaks. Fifty-one per cent mani-
fested one peak per cycle; 17 per cent, two peaks per cyde; six per
cent, three peaks per cycle; and two per cent, four peaks per cycle.
From this study of 152 menstrual cycles on a group of 36
women, it is shown that significant peaks occur most frequendy in
the middle of the menstrual cycle, but are found in every decil and
even during the menses. Moreover, it is possible for more than
one peak to occur within a cycle. It is shown that although peaks
in long cycle studies tend to spread, there is still the greatest
incidence in the mid-period.
If the manifestation of significant peaks is a phenomenon of the
menstrual cycle, electric records in the male, in sterility, and in
menopause should fail to show unusual values.
Daily finger-tip determinations on three males were made for
a period of three months. The statistical analysis by the quartile
method showed the median to be 3.44 mv. positive to the right,
and the central tendency to be 7.34 mv. positive to the right to
0.5 mv. positive to the left. In the electric records for the males
there was a complete absence of significant peaks.
Electric studies of two unmarried women over a period of nine
menstrual cycles showed an average median of 2.59 mv. positive to
the right and a central tendency of 7.92 mv. positive to the right
to 2.73 mv. positive to the left. One woman's record failed to
reveal any value outside of the central tendency. The record of
the second woman had one determination of 0.02 mv. above the
central tendency. Clearly this is not enough outside the central
tendency to satisfy the criterion of an average significant peak which
is five to six times the median, and two to three times the central
tendency. No other value was outside the central tendency. In
the absence of any other criterion, these were considered probable
sterility cases.
An electric study was made of a sterility case for I I menstrual
cycles. This woman had been married for 15 years and had never
been pregnant. Physical examinations by physicians showed no
abnormality either for the husband or the wife. Moreover, the
wife had taken various glandular treatments under the direction of
a physician. The statistical analysis showed a median of 2.12 mv.
positive to the right and a central tendency of 6.76 mv. positive to
the right to 2.52 mv. positive to the left. Twice there occurred
values outside:the central tendency, one being 1.48 mv. more than
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the central tendency and the other being 0.24 mv. more than the
central tendency. There were no significant peaks that would sat-
isfy the criterion, set up by the group of 36 women, that the average
height should be five to six times the median and two to three times
the central tendency. In the complete absence of any unusually
high peaks, these two values, lying as they do within the central
tendency for the group of 36 women, were not considered significant
and this was called a sterility case.
There is no reliable difference between the median and the
central tendency for the two probable cases and the actual case of
sterility. The average median for these three is 2.66 mv. positive
to the right and the central tendency is 7.53 mv. positive to the right
to 2.66 mv. positive to the left. Moreover, there is not a reliable
difference between the median and the central tendency for the
group of 34 women and these cases.
A 40-day record of a normal menopause failed to manifest any
values outside the central tendency. The median was 2.55 mv.
positive to the right and the central tendency was 7.15 mv. positive
to the right to 2.05 mv. positive to the left.
An electric study was made of three women during pregnancy.
The determinations consisted of five daily finger-tip Qbservations.
The average median during pregnancy for these three women was
0.95 mv. positive to the right. The central tendency extended
from 5.61 mv. positive on the right to 3.74 mv. positive to the left.
When these women were not pregnant, the average median was
1.42 mv. positive to the right and the central tendency extended
from 5.71 mv. positive to the right to 4.36 mv. positive on the left.
There is not a reliable difference between the median and central
tendencies of pregnancy and non-pregnancy in these three women.
The table below lists the median and the central tendency for
each group studied:
Group Median Central Tendency
Mv. Mv. Mv.
P.toR. P.toR. P.toR.
1. Thirty-six women ..2.25 7.96 3.21
2. Three males . .3.44 7.34 0.5
3. Probable sterility ..2.59 7.92 2.73
4. Sterility ...2.12 6.76 2.52
5. Menopause . .2.55 7.15 2.05
6. a. Pregnancy .0.95 5.61 3.74
b. Non-pregnancy .............................. 1.42 5.71 4.36
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There is not a reliable difference between the medians of these
groups. The central tendency of the 36 women is more extensive,
but the number studied in this case is also much larger. However,
the records of the males, of probable and actual sterility cases, and
of a menopause do not show the occurrence of significant peaks.
Marked rises in potential differences in the index fingers of
women are apparent in the menstrual cyde. These surges are not
manifest in the electric records of sterility, menopause, and in the
male. In rabbits and rats, marked increase in electric gradients are
concomitants of ovulation. By inference it may be assumed that
these peaks may be correlated with ovulation. If this be true, it
follows that ovulation time can be measured by potential differences
between the index fingers in women. From the above data, it is
seen that ovulation may occur at any time in the menstrual cycle,
even during the bleeding, but the greatest incidence is in the middle
of the period. There seems to be little evidence of rhythm in the
time of ovulation, but rather that there is a spread over decils in the
long cycle studies.
From this study of the electric correlates of the menstrual cycle,
it is seenthat:
1. Significant peaks occur most frequently in the mid-period of
the menstrual cycle.
2. Significant peaks occur in every decil of the menstrual cycle,
even during menses.
3. There is no decil devoid ofsignificant peaks.
4. Cycles may occur without the appearance of significant peaks.
5. In long menstrual cycle studies there is a tendency for the
occurrence of significant peaks to spread over many decils.
6. More than one peak may occur in a cyde.
7. Menopause, sterility, and male records fail to show such
significant peaks.
8. The evidence suggests that significant peaks in index finger
potentials record the time of ovulation in women.
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